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Abstract A large number of studies on the decay perfor-
mance of wood in outdoor exposure have been conducted
in the past. However, no test methodology for wooden
components exposed above ground reflecting the variety of
different loads has been established so far. Many test
protocols were modified in different ways throughout the
years and results were often published only in an encoded
or incomplete way. This makes it difficult to obtain com-
parable results to work on a comprehensive above-ground
test methodology. Therefore, a comparative study on
moisture performance and the resulting decay response was
conducted. Five different wood species were exposed
according to 24 different test methods representing a wide
range of different exposure situations including in- and on-
ground exposure. After three years of exposure the mois-
ture load as well as decay development differed between
the test methods and tested materials. Different parameters
were identified influencing the moisture performance of
wood in the respective test set-ups and finally an attempt
was made to set up a test methodology providing sets of
test methods for differently severe applications within use
class 3.1 and 3.2 as defined in the European standard EN
335 (2013).
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1 Introduction

The complexity of testing the biological durability of wood
results from the different areas and exposure situations
wood is used in. Wood was always used for constructions
in the building sector where the areas of application are
ranging from simple structures like range land fences to
more complex ones like balconies, studwork, bridges or
nowadays also roller coasters (Seidel and Wiegand 2001).
All these different constructions and their specific details
are exposed to a wide range of different agents and com-
binations and intensities of their actions. With respect to
the service life of wooden components exposed outdoors
the decisive loads responsible for the risk of damage can
mainly be reduced to moisture, temperature and the pres-
ence of wood destroying organisms. The first step to
classify a wooden component with respect to an expected
load is to distinguish between in-ground (use class 4) and
above-ground exposure (use class 3.1 and 3.2 according to
EN 335 (2013)). In the past numerous test methods were
conducted all over the world and have been described in
literature referring to both of these exposure conditions
(e.g. Fougerousse 1976; De Groot 1992; Francis and Nor-
ton 2005; Fredriksson 2010; Brischke et al. 2012).
Among these tests the ones reflecting above-ground
exposure are not regularly used to determine durability and
only eight methods are standardized: two European stan-
dards (EN 330 2014; CEN/TS 12037 2003), five US
standards (AWPA E9 2013; AWPA E16 2013; AWPA E18
2013; AWPA E25, 2013; AWPA E27 2013) and one
Australian standard (AWPC 2007). The reason for this can
be found in the long testing periods needed for above-
ground tests compared to testing in ground contact. While
tests in ground contact can lead to final results after one to
five years, depending on wood species, modification or
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Table 1 Wood species used for field trials

Material Botanical name

Beech
English oak
Norway spruce

Fagus sylvatica L.
Quercus robur L.

Picea abies Karst.
Scots pine Pinus sylvestris L.

Scots pine sapwood Pinus sylvestris L.

treatment (Larsson Brelid et al. 2011), failure due to decay
in above-ground tests can take many more years or even
decades (Wang et al. 2008; Augusta 2007). However,
testing wood durability exclusively in ground stands in
contrast to the fact that the majority of timber products in
outdoor use with different requirements according to
dimensional accuracy as well as load bearing capacity are
exposed above ground, for example facades, terrace
decking, windows, balconies or carports (Blom and Berg-
strom 2006; Friese et al. 2009). Furthermore, results from
in-ground tests cannot be transferred to the performance of
timber products used in above-ground situations (Kutnik
et al. 2014).

For most of the test protocols decay progress is deter-
mined regularly every 6-12 months, but since the moisture
and temperature load is usually not recorded, reliable
information about their ability to reflect different exposure
situations is lacking. Furthermore, the influence of different
acceleration measures (i.e. methods to intensify decay) like
defect coatings, feeder boards or artificial shading is not
fully understood. The high variation of test methods which
are conducted under varying conditions including different
evaluators, different test sites and different accelerations or
modifications makes it difficult to get comparable results
which are strongly needed for service life prediction of
timber structures (Brischke et al. 2011, 2013b).

To overcome this drawback a comparative study on
moisture performance and the resulting decay response was
conducted. Five different wood species were exposed
according to 24 different test methods representing a wide

Fig. 1 Field test site in
Hannover-Herrenhausen,
Germany. Overview of above
ground tests
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range of different exposure situations. The test set-up
covered established and standardized test methods (e.g.
L-joint test, decking test, ground proximity test) as well as
some new alternative test methods.

2 Materials and methods
2.1 Wood materials

In this study, the moisture performance and natural dura-
bility of five wood species (Table 1) were tested using 24
different field test methods. All specimens were free of
cracks, decay and other obvious defects.

2.2 Test set-up

Ten replicates of each test material were exposed to a field
test site in Hannover, Germany, in 2012 (Fig. 1) (coordi-
nates: 52.395067°N, 9.701913°E, elevation: 54 m, mean
temperature: 9.2 °C, precipitation sum: 642 mm, climate:
temperate zone). The ground of the test site was covered
with gravel.

In Table 2, schematic drawings of all tests including
dimensions and details of exposure and specimen compo-
sition are shown. All tests were carried out according to the
named references. A detailed analysis of design details and
acceleration measures is given by Meyer et al. (2016). In
addition to decay assessment, moisture content and tem-
perature were determined once a day.

2.3 Decay assessment

Decay was assessed every six months and evaluated
according to EN 252 (2015). A pick-test was used, where a
pointed knife is pricked into the specimens and backed out
again. The fracture characteristics of the splinters as well as
depth and appearance of decay were assessed visually, and
referred to the evaluation scheme according to EN 252
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Table 2 Test set-up

Specimen size

N [mm?]
ame
Test Set-u Details
(Reference) p Distance to
ground
[cm]
- Mortise assembled of beech
Accelerated I 195x 38 x 38 and pine sapwood

L- joint test;

- Painted version(2): Defect

+ (Van Acker and coating (all'<yd re51.n based,
2 dry film thickness:
Stevens 2003) il 100 50 £ 5 um) at the joint
- Supported at 10°
500 x 50 x 25 - Bottom segment with two
Bundle test [ upper segments; edges faced
3 (Meyer-Veltrup and \l upwards
Brischke 2016) 100 - Segments held together with
cable straps
500 x 50 x 25 .
- Bottom segment with two
Bundle test IT 250 x 50 x 25 half-length upper segments;
4 (Meyer-Veltrup and edges faced sidewards
Brischke 2016) \I 100 - Segments held together with
cable straps
- 200x20x 8
Close to ground - by
.. = - Placed on concrete and
> mini-stake test = : weight down with PE stick
(Westin et al. 2004) s £
152x76x 19
6 Cross brace test - Boards screwed together at
(Highley 1995) - mid-length
15
500 x 100 x 20 - Decking boards fixed to
7 Decking test X 3155(?2;:;;? the same
(Laks et al. 2008) - Distance between
16 boards: 20 mm
200x 35x 35 ) )
i emeticin
8 (Cookson and Carr ’ supp

2009)

pine sapwood)
100 - Supported at 45°

(2015). For test set-ups with cross sections deviating from

the cross section given in the standard (50 x 25 mm?) the

rating scheme was adapted to the respective dimensions
(Table 3). Therefore, the maximum decay depth [mm] was
approximated in 0.5 mm steps to reach the minimum intact
cross section [%] given for the ratings according to EN 252

(2015) specimen dimensions.

2.4 Durability classification

Since the mean lifetime of the specimens was not yet
obtained for all materials tested after three years of expo-
sure, the mean decay rate v,,.,, was calculated (Eq. 1) as
previously reported by Brischke et al. (2013a).

Equation 1: Mean decay rate v,,.,, after certain time:
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Table 2 continued

500 x 100 x 20

- Board on board cladding
9 - Upper end-grains protected
by tin roof
- South oriented
. 100
Combined fagade
and decking
element
(Bornemann et al.
2012)
500 x 100 x 20
- Single layer screwed to
10 beam supports
- Distance between boards:
20 mm
57
150 x 50 x 20
1+ Ground proximity | - Exposed on concrete blocks
12 test - Shaded version (12): Set up
(AWPA E18, 2013) s placed under a shade box
500 x 50 x 25 - Vertically exposed in a
gutter
” gj}gﬁfég? after - Gautter size: 1000 x 50 x
65 mm?
Fougerousse 1976) _ Laterally draini N
100 y draining of water
not possible
- Upper layers displaced
500 x 50 x 25 laterally by 25 mm

Horizontal double
14 layer test (Modified
after Augusta 2007)

- Supports made from
aluminum profiles
- PE spacers for
20 segmentation
- Three specimens serve as
one replicate

Lap-joint test
15 (CEN/TS 12037,
2003)

- Two segments with lap-

— = \‘ 180x85x 40 joint held together by metal
=] clamp
] - Supports made from
100 aluminum profiles

- End-grains sealed with PU

n. nR
N 2ivi _ iy ]
n n

where v,,.., 1 mean decay rate of specimens [a™'], v, is
decay rate of single specimen [a~'], R is decay rating, e.g.
according to EN 252 (2015), ¢ is exposure time [a], n is
number of replicate specimens

2.5 Moisture content and temperature
measurements

MC and wood temperature were recorded on three of ten
replicates per material in all tests once a day. The moisture
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and temperature recording was performed with data log-
ging devices “Materialfox Mini” and “Thermofox Mini”
(Scanntronik Mugrauer GmbH, Zorneding, Germany). The
memory capacity was 16,000. The data loggers were
equipped with three ports. The measuring ranged from
2 x 10*to 5 x 10® Q. The measuring principle was based
on the discharge-time—measurement method. First, a
capacitor was charged through a very small ohmic resis-
tance and then discharged through the material to be
measured. Based on the time needed for discharging, the
resistance of the material can be calculated.

Resistance characteristic curves were established for
every single material under test by determining the
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Table 2 continued

500x 95 x 22
- Three specimens
Johansson test overlapping each other and
16 (Johansson et al. screwed together
2001) 100 - Supported at 60°
203 x 38 x 38 - Tenon-mortise bond

17+  L-joint test
18 (EN 330, 2014)

- Supported at 10°
- Painted version (18):
Defect coating (alkyd resin
100 based, dry film thickness:
50 + 5 pm) at joint

P 100 x 50 x 25
i - Specimens turned by 90° to
19 Rod test =t _— each other and piled up on
(Meyer et al. 2013) | pried up
Y ’ : a plastic coated rod
[4£ 0
- Three segments held
200 x 49 x 25 together by a steel clamp
200 x 100 x 25 - Three different versions:
. ! - Far above ground (20)
20- Sandwlch test ] J (100 cm)
(Modified after:
22 Zahora 2008) - Close to ground (21)
100/ 20 (20 cm)
- Shaded (22)
(20 cm); placed under a
shade box
500 x 50 x 25
23 On-ground test - Specimens directly placed
(Meyer et al. 2013) on ground
0
500 x 50 x 25
24 In-ground test - Stakes buried half to their
(EN 252, 2015) length
0

relationship between the gravimetric MC and the electric
MC at different temperatures (Brischke and Lampen 2014).
Gravimetric and electric MC measurements were carried
out in comparison at four target MCs (MC = 15, 18, 25
and 50%) and three target temperatures (T = 4, 20, and
36 °C).

The measuring points were installed from the bottom
side of the specimens and located in their center. The
electrodes were installed at half of the depth of each
specimen. The distance between the centers of the two
measuring points was 30 mm parallel and 6 mm

orthogonal to the grain. The electrodes were made from
polyamide coated stainless steel cables with a core diam-
eter of 1 mm. The electrodes were glued into predrilled
holes of 4 mm diameter with an epoxy resin. The bottom
part of the holes was filled with 0.1 ml of an epoxy-gra-
phite mixture to provide conductivity. The first 5 mm of
the plastic coating of the electrode was removed before
putting it into the glue. After 24 h hardening the remaining
volume of the hole was filled up with an isolating epoxy
resin. After hardening the electrodes were connected to the
data logger.
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Table 3 Adapted maximum decay depth [mm] and minimum intact cross section [%] (given in brackets) according to the rating scale given in

EN 252 (2015)

Rating Maximum decay depth [mm] (minimum intact cross section
[%])
0 1 2 3 4
(Sound) (Slight (Moderate (Severe (Failure)
attack) attack) attack)
Test method
Bundle Test I; Bundle Test II; Gutter test; Double layer test; In ground test; 0 (100) 1 (88) 3 (67) 5 (48) 50 (0)
On ground test; Rod test
Accelerated L-joint test, painted and unpainted; L-joint test painted and 0 (100) 0.5 (89) 1.5 (69) 2.5 (51) 38 (0)
unpainted
Close to ground mini-stake test 0 (100) 0.5 (83) 1 (68) 1.5 (53) 20 (0)
Cross brace test 0 (100) 1 (87) 2.5 (68) 4.5 (46) 76 (0)
Decking test, combined fagade and decking element 0 (100) 1 (88) 3 (66) 5 (45) 100 (0)
Embedded test 0 (100) 1.5(84) 3.5 (64) 506D 35 (0)
Ground proximity test, shaded and unshaded 0 (100) 1 (86) 2.5 (68) 4.5 (45) 50 (0)
Johansson test 0 (100) 1 (89) 3 (68) 5 (49) 95 (0)
Lap-joint test 0 (100) 2 (86) 5 (66) 7.5 (51) 85 (0)
Sandwich test, far above ground, close to ground, shaded (upper segments) 0 (100) 1.5 (83) 3 (67) 5 (48) 49 (0)
Sandwich test, far above ground, close to ground, shaded (bottom segment) 0 (100) 1.5 (85) 3.5 (67) 5.5 (50) 100 (0)

3 Results and discussion
3.1 Moisture performance and durability

Both MC and decay development differed significantly
between wood species as well as between the different
test methods. In Fig. 2a and b, moisture courses and the
corresponding decay development are exemplary shown
for beech and Norway spruce heartwood for six different
test set-ups. For all tests, high MC over longer periods
led to fast decay development (e.g. horizontal double
layer, Fig. 2a-3). However, some tests with similarly
high MC showed differences in decay development, such
as sandwich tests exposed close to the ground under a
shade-box (Fig. 2a-2) and the in-ground test (Fig. 2a-1).
In contrast to the in-ground test, the sandwich test seems
to cause a time lag of one year between exposure and
onset of decay. This might on the one hand be explained
by the fungal flora in soil, which is able to immediately
infest the wood in ground contact, whereas the elevated
set-up needed longer intervals prior to air-borne infes-
tation. Furthermore, the negative peaks in the moisture
courses especially for beech show a higher potential to
re-dry for the elevated sandwich test samples right after
heavy rain events. Time lags were also observed for
Norway spruce exposed to the Bundle II test (Fig. 2b-4),
the Decking test (Fig. 2b-5) and the Facade element test
(Fig. 2b-6).

@ Springer

3.2 Time of wetness

For quantifying the differences in moisture loads between
the different test methods the time of wetness (ToW) was
calculated and expressed as the number of days with
MC >25% (Table 4). After an exposure period of three
years, ToW differed significantly between test methods as
well as between tested materials. The ToW for all wood
species was summed up for every test and finally the per-
centage was calculated to give an indication of differences
in moisture loads between all 24 tests. Therefore, different
test set-ups were ranked with respect to their ToW and
grouped accordingly (cf. Table 5).

It became clear that high moisture loads were caused by
shade boxes, exposure close to the ground and defect
coatings. Medium moisture loads occurred in tests that
consisted of segmented specimens but were exposed far
above ground (>1 m) or single layer specimens. Low
moisture loads were found in test set-ups that were exposed
vertically or enabled a fast re-drying like the facade ele-
ment or the Johansson test.

As expected, the highest number of wet days was
determined for the in-ground test specimens that were
wet at 91% of the exposure time. This can of course be
explained by the fact that the specimens had been in
contact with wet soil almost all the time. The second
highest ToW was determined for those methods pro-
viding a defect of the coating. Here, the effect of high
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MC [%] Rainfall ,,,, [nm]  Mean decay rating [0-4]
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40 ¥5j . /
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Fig. 2 Left moisture courses of beech and Norway spruce exposed to different test set-ups. Dashed line critical moisture content of MC = 25%.
Grey columns daily rainfall sum. Right mean decay rating of beech and Norway spruce exposed to different test set-ups

capillary water uptake through cracks and a hindered re-
drying due to areas with still intact coating became
obvious. Similar observations were made by Francis and
Norton (2005) who compared coated and uncoated Lap-
joint specimens at several climatically different locations
in Australia.

Segmented specimens creating a water trapping joint
like in the horizontal double layer test or the sandwich test
also showed high MC on 75 and 82% of the days of
exposure. A further detail which showed the effect on the
moisture load was artificial shading. The sandwich test
exposed close to ground as well as the ground proximity
test, both exposed under a shade box, showed higher ToW
compared to exposure without shading.

The test set-ups that caused the lowest ToW were either
composed of two to three members exposed vertically or
consisted of single members. Vertical exposure (e.g. cross
brace test or Johansson test) allowed fast water draining,
whereby single members re-dried faster after rain events
compared to segmented specimens with joints.

3.3 Decay resistance

Although moisture, more specifically the time of wetness,
is considered to be the key factor for decay, other param-
eters such as temperature and the presence of decay caus-
ing organisms have an effect on decay progress. To identify
the decay potential of the 24 different test set-ups the decay
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Fig. 2 continued

rate v of the material exposed to the different test set-ups
was calculated and summed up for all materials under test
(Table 6).

A correlation between the two test factors (1) number of
days with MC >25% and (2) decay rate is given in Fig. 3.
Here, the mean of all wood species was used to minimize
the influence of outliers as observed for example for Scots
pine exposed to the sandwich test, close to ground (cf.
Table 4). The three ToW-groups marked by three different
shades of grey and defined in Table 5 were added to the
graph.

Except for a few outliers, the two measures correlated
fairly well. In some cases deviations might be caused by
(1) the distance to ground, (2) the position of the MC
measuring points or (3) the decay assessment procedure.
All outliers which showed a high decay rate with compa-
rably low number of days above 25% MC (Decking test,
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Rod test, On-ground test, Horizontal double layer test, in-
ground test) were either exposed in or on the ground or
extremely close to the ground (10 cm or less). Therefore,
bacteria and other microorganisms which accelerate decay
development have to be taken into account additionally
(Clausen 1996).

In the Johansson test (Fig. 4a) decay developed almost
exclusively close to the end grains (Fig. 4b). In contrast,
the measuring points were installed at the bottom part of
the upper members (Fig. 4c). Such influence of the mea-
suring position was previously indicated by Meyer et al.
(2014). Similar difficulties to detect decay occurred in the
L-joint (Fig. 5a) and Lap-joint tests (Fig. 5c). Here, decay
often developed either behind the coating or the end-grain
sealing and was therefore not detected over a long period
(Fig. 5b, d). The end-grain sealant of Lap-joint specimens
is intended to protect them from water uptake to simulate a
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Table 4 Number of days with . o, (—
MC >25% for all tests and Test Method Days with MC > 25 % (=ToW)
materials, (based on in total est Metho Beech Oak  Spruce Sc.ots . Scots Sum TOXV
1156 days and ranked according pine pine sap 2 Yo
to number of wet days) 24 In-ground test 1075 1116 914 1089 1087 5281 91
g Awssleried Ly 1094 1116 985 758 1044 4997 86
test, painted
18 L-joint test, painted 1156 1009 939 597 1146 4847 84
gy S (i, R 1119 1120 904 478 1100 4721 82
to ground, shaded
1g okl doulble 995 973 775 507 1092 4342 75
layer test
7y oG s el 1121 984 1011 18 1107 4241 73
to ground
fp (D Gy 963 1003 631 616 953 4166 72
test, shaded
23 On-ground test 874 1146 501 596 910 4027 70
oy Sl e, i 1105 840 790 229 1026 3990 69
above ground
15 Lap-joint test 1074 715 626 181 1092 3688 64
8  Embedded test 808 754 732 400 879 3573 62
4 Bundle test IT 941 774 673 107 852 3347 58
11 Ground proximity test 922 576 669 303 837 3307 57
13 Gutter test 554 599 368 569 756 2846 49
19 Rod test 610 721 476 219 626 2651 46
3 Bundle test 963 892 78 0 666 2599 45
17 L-joint test, unpainted 683 653 143 138 878 2495 43
5 Close to ground mini- 631 661 239 177 783 2491 43
stake test
7 Decking test 829 504 62 13 540 1948 34
16 Johansson test 540 488 0 0 344 1372 24
1 cemsleiedl Lo 336 631 43 6 303 1319 23
test, unpainted
6  Cross brace test 480 397 10 7 384 1278 22
10 Decking element 154 314 38 6 348 860 15
9  Fagade element 0 77 0 0 8 85 1

long timber member typical for construction purposes. At
the same time it serves as moisture barrier, hinders re-
drying, and promotes decay inside the specimen, where it is
most difficult to be detected. In contrast to the end grain
area, in the joint area the wood has, to some extent, the
possibility to re-dry after wetting.

3.4 Evaluation

Besides the moisture induced risk and the development of
decay further aspects have to be taken into account to
identify suitable test methods. Therefore, all test methods
have been evaluated previously with respect to practica-
bility, time and effort required for preparing and conduct-
ing the test as well as material and component costs (Meyer
et al. 2013). The three crucial factors (1) moisture induced
risk, (2) decay rate and (3) practicability issues have been
assessed as summarized in Table 7.

Within the group of methods with high moisture load,
the horizontal double layer provided a combination of high
moisture loads, fast and severe decay, and a low rating for
costs and efforts. Methods where specimens are in direct
contact with the ground need to be considered separately
and were not regarded as potential test methods for above
ground situations.

Within the group of test methods resulting in a medium
moisture induced risk the Bundle test type II turned out to
be one of the most promising tests with very inexpensive
sample preparation but high moisture load within this
group. Specimens in the rod test, which showed a high
decay development, decayed almost exclusively on the
bottom which was in direct contact with the ground. In
addition, this method turned out to be very time consuming
with respect to sample preparation as well as evaluation,
because all ten specimens serve as one replicate and need
to be disassembled.
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Table 5 Groups of all tests and Group (Marker) ToW [%] Moisture load
materials according to time of Dark grey 66.7 — 100 High
wetness (ToW) Medium grey 33.4-66.6 Medium

Light grey 0-333 Low

Table 6 Mean decay rate v,,... [a~ '] after three years of exposure (based on in total 1156 days and ranked according to the decay rate sum)

Test method

Decay rate Vmean [a_l]

Beech Oak Spruce Scots pine Scots pine sap Sum Y

24 In-ground test 5.47 1.20 2.53 1.56 2.19 12.95
14 Horizontal double layer test 1.50 0.63 1.37 0.80 1.33 5.63
19 Rod test 1.30 0.77 1.30 0.93 0.90 5.20
23 On-ground test 1.93 0.67 0.87 0.97 0.97 4.87
18 L-joint test, painted 1.62 1.00 0.37 0.47 0.87 4.32
2 Accelerated L-joint test, painted 1.45 0.47 1.09 0.77 0.33 4.11
15 Lap-joint test 1.27 0.33 1.26 0.03 0.17 3.06
21 Sandwich test, close to ground 1.09 0.53 0.90 0.27 0.10 2.89
7 Decking test 1.00 1.37 0.33 0.00 0.13 2.84
22 Sandwich test, close to ground, shaded 1.22 0.10 0.87 0.50 0.10 2.79
13 Gutter test 0.93 0.47 0.47 0.00 0.53 2.40
20 Sandwich test, far above ground 0.99 0.40 0.83 0.00 0.13 2.36
16 Johansson test 1.00 0.00 0.70 0.00 0.30 2.00
5 Close to ground mini-stake test 1.60 0.00 0.03 0.23 0.10 1.97
4 Bundle test II 1.00 0.00 0.93 0.00 0.00 1.93
3 Bundle test I 1.07 0.00 0.67 0.03 0.13 1.90
12 Ground proximity test, shaded 1.43 0.00 0.23 0.07 0.13 1.86
11 Ground proximity test 1.18 0.00 0.00 0.00 0.13 1.31
17 L-joint test, unpainted 0.00 0.13 0.50 0.07 0.27 0.97

Facade element 0.56 0.00 0.00 0.11 0.22 0.89

Embedded test 0.43 0.13 0.10 0.10 0.00 0.77

Cross brace test 0.63 0.00 0.00 0.00 0.00 0.63
10 Decking element 0.33 0.00 0.00 0.00 0.00 0.33
1 Accelerated L-joint test, unpainted 0.13 0.00 0.10 0.00 0.00 0.23

All tests within the group providing low moisture induced Decay rate v [a”]
risk showed, as expected, low decay rates except the 30
Johansson method, where specimens decayed mainly at the In-ground
steel screws, not in the overlap area where MC measure- 23 -
ments were performed and decay was intended to occur first. 2,0 P——
Consequently, all tests within this group require long expo- 15 R-05257
sure periods before first signs of decay can be detected. To On-ground Horizontal double
.. L. . . 10 Rod test @®) test @ D layertest

allow achieving test results within this group in an accept- ’ Deckin]
able long time span, moisture monitoring appears to be the 05 Johansson et @

only feasible alternative to usual decay assessments. The
potential of such alternative measurements was previously
reported by Brischke et al. (2013a). Facade elements can
consequently serve as relevant test set-ups within this group
representing the lowest moisture-induced decay risk.

@ Springer
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Days 225 % MC [ %]

Fig. 3 Relationship between days with MC >25% and decay rate
v for all wood materials and test set-ups after 3 years of exposure
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Fig. 4 a Johansson test set-up.
b Decay close to the end grains
behind the middle member
which is screwed onto the upper
and bottom member. ¢ MC
measurement points in
Johansson test

Fig. 5 a L-joint test, painted. b Tenon and mortise member showing severe decay under the coating. ¢ Lap-joint test. d End grain of Lap-joint

specimen with decay under sealing

4 Conclusion

The evaluation of the 24 test methods with respect to
moisture performance and decay development resulted in
considerable differences between test methods as well as
between the response of different wood species to the
method-specific moisture induced risk. In most of the cases
the time of wetness coincided well with the resulting decay
response. However, especially if the wooden component is
exposed close to, on, or in the ground additional factors
influencing the degradation need to be considered, for
example the fungal flora which is permanently present in

soil. Further influencing factors are the position of mea-
suring and the detection of decay progress. In addition, one
has to keep in mind that due to the huge range of different
exposure situations of wooden components in real life, one
test method cannot sufficiently reflect the decay behaviour
of a wooden material in all these different exposures.
Therefore, a set of test methods for different applications is
needed rather than one universal method. Based on this
study, the suitability of the various in and above ground
test methods to serve as elements of a comprehensive test
methodology was investigated. The methods were ranked
according to different criteria and the most feasible
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Table 7 Evaluation of test

Criteria*
methods
= z - |2
£ = 0. 2|22
2 Slelelg|5|E 5 e -
: T E|E2|E 2|22 -
2 | e S| |1s|g|2|2|2|28 % =
Test method = | £ 2| & || |E|=|S|8 |8 —_ @
s | = E|E|lgs|s |||l =2]|3 S 2
£ |2 518 s|° > :: S |5 = | = NS s
215|225 8255|552 |2z
ala |2 |2 |= g2 |g|= |5 & £ 8
@ « 8 o = | = % 5] o e | = S ﬁ 53
== | 2| E |l |El=|2|l=|C|%|Z a
S|E&|Z|s|8|E|2|s|E|E|lE|% A A1
ele|S|S|la|2 |5 |2 = |E |35
SIE|2|52|5|5|2|E|5 |52/ | &|c¢
R R |=|[g|O|l< ||z |E|la|A|a|x 7a | @
24 | In-ground test 1131212 1 113 1 1 3 1 20 91 [12.95
o |Accelerated Ljoint | 5| 5\ 5 |5 | o | 1 (2 5|3 |1 [3[4]35]]s6]al
test, painted
18 L.joint test, painted 5 3 2 2 2 2 3 2 3 2 3 4 33 84 | 4.32
5y [Sandwichtest,close | 3| 5 | 5 |5 | 4 |4 |3 (2341|131 82270
to ground, shaded
14 Horizontal double 201131213 lal3l1l1l211]1]24 75 | 5.63
layer test
pp |Sandwichtest,close | 3 | 5 | 5 | 5 |3 |3 3|13 |2]1]1]|26]]|73]28
to ground
1o |Ground proximity test,| 3 | | ;| | | 3|4 |2|2|1|4]|3]|1]26||72]186
shaded
23 On-groundtest 1 1 2 2 1 1 3 1 1 4 1 1 19 70 | 4.87
20 | Sandwich test, far 30202 2030331 3|2/2]1]27] 6]236
above ground
15 | Lap-joint test alal3|sa3]a3]3]1][3]2]2]3]34]6a]306
8 |Embedded test 213 1 1 21212 (52|22 1 25 62 | 0.77
4 |Bundle test 11 2123 2131213213 1 2 1 26 58 | 1.93
11 |Ground proximity test | 1 1 1 1 1 2 2 1 1 3 3 1 18 57 | 1.31
13 | Gutter test 4 1 21213222 1 1 2 1 23 49 | 2.40
19 |Rod test 2|2 1 1 21213 1 4 | 4 |2 1 25 46 | 5.20
3 |Bundle test I 2121312323213 112 1 26 45 |1 1.90
17 L.joint test, unpainted 4 3 2 2 1 1 3 2 3 2 3 3 29 43 | 0.97
5 Closeto groundmini- | | [ ;| 1 | {212 |1 l11114l3]1] 19 43| 1.97
stake test
7 | Decking test 302 (3 (1|1 [3[2[3[2][1]1]24 34 | 2.84
16 | Johansson test 3 4 |3 3 2 1 512 5 1 5 1 35 24 | 2.00
| |Accelerated Lijoint | 5 | s 1 5 | o | 1 [ 1|25 |3]1(3|3|3] 23|02
test, unpainted
6 |Cross brace test 212 1 1 1 1 2122 1 2 1 18 22 | 0.63
10 | Decking Element 3 213 3 2 1 4 1 2122 1 26 15| 0.33
9 |Fagade Element 4 141313 |3]|4)|4 1 31214 1 36 1 | 0.89

* 1 = very low, 2 = low, 3 = moderate, 4 = high, 5 = very high

methods were identified in a quantitative manner to rep-
resent at least three groups of differently severe moisture
induced risk. With respect to the time of wetness, the dif-
ferent test set-ups were classified into three groups (high,
medium, and low). Within these groups they were evalu-
ated by the following factors (1) moisture induced risk, (2)

@ Springer

decay rate and (3) practicability. The following test
methods turned out to be the most promising: horizontal
double layer, bundle test and the Facade-decking element.
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